One-sentence summary: Analysis of a spo11-1 hypomorphic allele in Arabidopsis showed that 23 reducing the number of meiotic DSBs resulted in a profound redistribution of meiotic 24 crossovers on a genome-wide scale. 
INTRODUCTION

53
Meiotic recombination is the primary mechanism generating new genetic variation in .
96
To study how recombination dynamics affects CO distribution, we characterized
97
Arabidopsis lines carrying hypomorphic alleles of SPO11-1 and showing decreased 98 numbers of meiotic DSBs. While these changes did not result in major defects in DSB 99 repair, chromosome synapsis or segregation, we discovered that the SPO11-1 100 hypomorphs exhibited dramatic alterations of CO distribution patterns, primarily due to 101 significant decreases in CO formation in pericentromeric regions of chromosomes.
102
These data indicate that SPO11 activity is a major determinant of CO landscape. 
RESULTS
105
Hypomorphic alleles of SPO11-1 exhibit reduced DSB numbers 106 To study how DSB dynamics affects CO landscape, we expressed a wild-type copy of The T 2 lines displayed a broad range of defects in pollen viability, ranging from severe 115 sterility with 20% of pollen viability to a complete fertility (i.e. 100% of pollen viability)
116
( Fig 1A and (highlighted by a circle in Fig 1A) . These numbers were similar to the ones reported in 123 literature for wild-type Arabidopsis plants .
124
In contrast, DSB numbers in lines with reduced pollen viability were significantly lower
125
( Fig 1A and Supplemental Table 1 ) and proportional to the decrease in pollen viability 126 (r = 0.94) and the SPO11-1 transcript levels examined using real-time RT-PCR (r = 0.93)
127
( Fig 1B and Supplemental Table 1 ).
129
For further studies, we selected two of the transgenic lines with mild to moderate 130 decreases in pollen viability ( Supplemental Fig 1) , spo11-1-w2, which exhibited an 131 average of 129 γH2AX foci per meiocyte in zygotene, and spo11-1-w3, which had an 132 average of 105 γH2AX foci per meiocyte (Fig 2A and B) . The γH2AX focus numbers in 133 both lines were significantly lower (Fig 2B) than the average of 196 γH2AX foci in 134 wild-type Col-0 plants (Fig 2A and B) . The DSB number reductions were confirmed by 135 immunolocalizing the RAD51 protein, which marks DSB sites and facilitates the first 136 step of DSB repair (Pradillo et al., 2014) . At zygotene, there was an average of 129
137
RAD51 foci in spo11-1-w2 and 105 foci in spo11-1-w3 (Fig 2C and D) , which 138 represented statistically significant decreases (Fig 2D) compared to the average of 176 139 foci in wild-type Col-0 (Fig 2C and D) (Fig 3) . Thus, it appears that the mild reductions in DSB number in the hypomorphic 160 lines did not result in serious synapsis defects. were similar to those in wild-type Col-0 plants (Fig 2C and D) . These data suggested 9.1 chiasmata in spo11-1-w2 (n = 45) and 8.7 chiasmata in spo11-1-w3 (n = 45) ( Fig 4A   202 and B). These number indicated statistically significant CO number reductions in both 203 lines (Fig 4B) compared to wild-type Col-0, which showed, on average, 10.5 chiasmata 204 per meiocyte (n=45) (Fig 4A and B) . The wild-type numbers were consistent with the To specifically examine class I COs, we scored chromosomal foci of MLH1. In 209 wild-type Col-0 meiocytes, there was an average of 9.9 MLH1 foci in diplotene (n = 19) 210 and 9.5 foci in diakinesis (n = 22) (Fig 4C, D, and I ). In contrast, in spo11-1-w2 we 211 found on average of 8.9 MLH1 foci in diplotene (n = 15) and 8.2 foci in diakinesis (n = 212 17) (Fig 4E, F , and I), whereas in spo11-1-w3 there were on average 8.4 MLH1 foci in 213 diplotene (n = 18) and 8.0 foci in diakinesis (n = 19) (Fig 4G, H, and I) . At both stages, 214 the differences between the transgenic lines and wild type were statistically significant 215 ( Fig 4I) . In addition to the changes in individual intervals, we also detected overall CO rate 250 decreases on entire chromosomes (Fig 5B) . The overall decreases were substantially 251 larger on chromosomes 1 and 5, and the smallest on chromosome 2. These differences would not be sufficient to cause the CO distribution changes we observed. Based on all 286 the evidence, we conclude that it is highly unlikely that the changes in CO patterns 287 resulted from chromosomal abnormalities rather than altered SPO11-1 expression. However, in maize (Zea mays), CO control is robust only at the low bound of the CO 307 number to provide CO assurance . After the requirement of one CO In addition to furthering the understanding of factors that shape CO landscape, our data 376 provide a unique example of how genetic diversity in species and populations can be 377 modulated by expression levels of a single gene. These findings may also be useful for 378 the efforts to modify CO patterns in crops for more efficient breeding. 
MATERIALS AND METHODS
381
Growing and genotyping spo11-1-3 mutant plants 382 Seeds of Arabidopsis thaliana Columbia ecotype (Col-0, CS3879) and the SALK The Arabidopsis SPO11-1 promoter (from -1067 to -1 bp) was amplified from genomic 397 DNA using primers SPO11-1L and SPO11-1R that included SacI and NcoI restriction 398 sites, respectively. The amplified fragment was cloned into the pGEM-T vector 399 (Promega). Once the cloning accuracy was verified by sequencing, the promoter 400 sequence was subcloned into pCAMBIA1305 to generate the transformation construct.
401
The full-length CDS of SPO11-1 was cloned into the pGEM-T vector using primers Table 2 ). Genotyping 472 data were uploaded into MapDisto (http://mapdisto.free.fr/) for the recombination ratio 473 calculation as previously described (Mirouze et al., 2012) . Fig. 1. Pollen viability in wild-type, spo11-1-w2, and spo11-1- Arabidopsis thaliana meiosis reveals sex-specific patterns along chromosomes.
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